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(57) ABSTRACT

Disclosed is a radial tire having a cap ply manufactured with
a polyethylene terephthalate dip cord. The radial tire
includes: a pair of parallel bead cores; at least one radial
carcass ply wound around the bead cores; one or more
inclined belt layers layered on the outer circumference of the
carcass ply; and one or more cap ply layers layered in the
circumferential direction of a tire on the outer circumference
of'the inclined belt layers, wherein the cap ply includes a dip
cord manufactured using a yarn comprising 90 mol % or
more of polyethylene terephthalate, and the dip cord has a
shrinkage of 3.0-4.0%, a strength of 2.5-3.0 g/d at an
elongation of 5%, a breaking strength of 6.5-7.5 g/d, and a
dimensional stability index of 5.8-6.5.
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1
POLYESTER TIRE CORD AND RADIAL
TIRE USING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Appli-
cation No. 10-2017-0144469, filed on Nov. 1, 2017. Further,
the application is the National Phase application of Interna-
tional Application No. PCT/KR2018/011693, filed on Oct.
2, 2018, which designates the United States. Each of these
applications is hereby incorporated by reference in their
entirety into the present application.

Technical Field

The present invention relates to a radial tire with a cap ply
made of polyethylene terephthalate dip cord.

BACKGROUND ART

In recent years, tire performance has been continuously
improved in accordance with improvements in the road
environment and vehicle performance. In particular, safety
has been recognized as an important quality factor of tires as
vehicle weight increases and limit speed increases. The
safety standards of tires are also being changed in accor-
dance with the increasing demand for safety of tires.
Researches on methods for imparting safety of tires are also
being actively conducted in the tire industry.

The installation of a cap ply on a passenger car tire is for
the safety of the tire, and recently, a tire having such a cap
ply has been generalized. The cap ply is continuously wound
without breaking in the circumferential direction of the tire
between the tire tread portion and the steel cord layer for belt
reinforcement, thereby maintaining the shape stability of the
tire, and improves the tire’s high-speed durability by sup-
pressing tire growth and deformation due to centrifugal
force during high-speed driving. When the vehicle is trav-
eling at a high speed, the air pressure of the tire increases as
the temperature inside the tire increases, with the increase of
the centrifugal force due to the rotation of the tire, and a load
is applied in the longitudinal direction of the cap ply cord.
In this way, when driving at high speed, the tire will increase
in size due to centrifugal force, temperature rise, and air
pressure, and as the load decreases on the ground surface
that repeatedly comes into contact with the road surface as
the vehicle travels, and then the load recovers on the
non-ground surface repeatedly, the amount of deformation
applied to the cord and tire increases, and in proportion to
the increase in the amount of deformation, the work loss of
the tire cord itself increases. This work loss again contrib-
utes to the temperature rise of the tire and the tire cord,
resulting in a sudden rise in temperature and deterioration of
durability of the tire.

The cap fly cord serves to prevent the increase in the size
of the center and tread of the tire due to centrifugal force
when driving the vehicle, thereby reducing the amount of
deformation of the tire, reduces work loss according thereto
and prevents tire temperature from increasing, and improves
tire durability. In general, a material that is not deformed due
to its high elastic modulus, or when the temperature rises,
the heat shrinkage force is expressed and the cap fly cord
contracts, so that a material that can prevent the size increase
during driving of the tire is used. In this case, since the size
of the tire is not increased, an increase in tire rotational
inertia is prevented, resulting in an increase in fatigue life
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and an increase in durability by reducing heat consumption
and suppressing heat generation of the tire.

In general, the most widely used material for cap ply
material is nylon 66. This is due to the high shrinkage of
nylon 66, and particularly, the part where the cap ply is
reinforced is known to have the highest temperature during
driving on the tire. Nylon 66 having this property is widely
used as a cap ply material because a material having heat
resistance in addition to the heat shrining force should be
used and a material having a small decrease in adhesion due
to heat should be used. Other materials that can be used as
the material of the cap ply are aramid. Aramid has different
characteristics from nylon 66. The aramid fiber is an aro-
matic polyamide fiber and is a polyamide fiber having a
benzene ring in a repeating unit. When it is applied to tire
cap ply as a material that shows stable properties even at
high temperatures, it is difficult to expect the contraction
force to develop at high temperature, but since there is very
little deterioration in properties even at high temperatures,
deformation is suppressed, thereby showing characteristics
similar to the result of applying the nylon cap ply. Therefore,
although the use of such aramid fibers is increasing, there is
a problem in that aramid fibers have low fatigue resistance,
and at the same time, a cost problem occurs because the
price is very high.

Research is also underway to apply to cap plies using
materials such as PET, but since these materials are vulner-
able to heat, it has been difficult to apply as a cap fly
material. The present invention is proposed to apply a PET
material, which was difficult to apply as a cap fly material,
to a cap fly for a radial lire by limiting the properties of the
PET cord.

DISCLOSURE
Technical Problem

An object of the present invention for solving the above
problems is to provide a radial tire having a cap ply layer
having a dip cord made of polyethylene terephthalate yarn
applied thereto.

In the case of the polyethylene terephthalate cap ply
according to the present invention, polyethylene terephtha-
late fiber has a low elongation at specific load, has a high
shrinkage rate, and has improved strength and elastic modu-
lus.

Technical Solution

According to an appropriate embodiment of the present
invention, there is provided a radial tire including: a pair of
parallel bead cores; at least one radial carcass ply which is
wound around the bead core; at least one inclined belt layer
laminated on an outer circumference of carcass ply; and at
least one cap ply layer laminated on an outer circumference
of the inclined belt layer in a tire circumferential direction,
wherein the cap ply includes a dip cord manufactured using
a 400 to 2200 denier yarn containing 90 mol % or more of
polyethylene terephthalate in the form of 1 or more plys, and
the dip cord has a shrinkage rate of 3.0 to 4.0%, a strength
of 2.5 to 3.0 g/d when stretched by 5%, a breaking strength
of 6.5 10 7.5 g/d, and a shape stability index of 5.8 to 6.5.

According to another suitable embodiment of the present
invention, the dip cord is characterized in that it has an
intermediate elongation of 2.1 to 4.0% at 2.25 g/d and an
elongation at break of 8.0 to 16.0%.
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According to another suitable embodiment of the present
invention, the dip cord is characterized in that the twist
coeflicient represented by the number of twists (Twist/
meter) multiplied by the square root of Nominal Denier is
9,000 to 18,000.

According to another appropriate embodiment of the
present invention, the cap ply layer is generally reinforced
with one or two layers, and if necessary, it is reinforced
throughout the tread, selectively reinforced only on the tread
edge, or reinforced in two layers on the tread, and addition-
ally reinforced on the tread edge portion. Likewise, it is
possible to apply similarly to the conventional cap ply cord
reinforcement type, and is not limited by a special cap ply
application structure.

According to another suitable embodiment of the present
invention, a tire for a passenger car including the cap ply is
provided, and, like a general cap ply, the application is not
limited by lire types such as run flat tires, general passenger
car tires, and light truck tires.

Advantageous Effects

Dip cords made of high strength yarns of polyethylene
terephthalate of the present invention can overcome the
disadvantage of low adhesive force with conventional rub-
ber, and the cords formed from this yarn has excellent
adhesive force and strength and can be usefully used as a
reinforcing material for rubber products such as tires and
belts or other industrial uses.

According to the present invention, satisfactory results for
high-speed durability and the like of the tire can be obtained
by applying a polyethylene terephthalate dip cord having
specific properties in the present invention, to a cap ply layer
of a radial tire for a passenger car.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a spinning and stretching process of poly-
ethylene terephthalate yarn according to the present inven-
tion.

FIG. 2 shows a force-deformation curve for the present
invention and a conventional 1000 d/2 polyethylene tereph-
thalate dip cord.

FIG. 3 shows the structure of a tire for a passenger car
manufactured using a dip cord according to the present
invention in a cap ply layer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments according to the pres-
ent invention will be described in detail. The embodiment
described herein does not limit the scope of the present
invention, but is merely an example, and various modifica-
tions can be made without departing from the technical idea
of the present invention.

The cap fly cord for the radial tire according to the present
invention is manufactured through the following process.
Polyethylene terephthalate multifilament is manufactured as
a preliminary step for manufacturing a cord for a cap ply
layer. First, a polyethylene terephthalate chip having an
intrinsic viscosity 0f 0.9 to 1.20 is melted and extruded while
passing through a nozzle to prepare a discharged yarn.

Here, the polyethylene terephthalate polymer may contain
at least 85 mol % of ethylene terephthalate units, but may
optionally include only ethylene terephthalate units.
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Optionally, the polyethylene terephthalate may include a
small amount of units derived from ethylene glycol and
terephthalenedicarboxylic acid or derivatives thereof and
one or more ester-forming components as copolymer units.
Examples of other ester-forming components copolymeriz-
able with polyethylene terephthalate units include glycols
such as 1,3-propanediol, 1,4-butanediol, 1,6-hexanediol, and
the like, and dicarboxylic acids such as terephthalic acid,
isophthalic acid, hexahydroterephthalic acid, stilbendicar-
boxylic acid, bibenzoic acid, adipic acid, sebacic acid, and
azclaic acid.

Terephthalic acid (TPA) and ethylene glycol raw materials
were melt-mixed at a ratio of 2.0 to 2.3 on the prepared
polyethylene terephthalate chip, and the melt mixture is
transesterified and condensed-polymerized to form a raw
chip. Thereafter, the raw chip is subjected to solid phase
polymerization to have an intrinsic viscosity of 0.9 to 1.20
under a temperature of 240 to 260° C. and vacuum.

At this time, when the intrinsic viscosity of the raw chip
is less than 0.9, the intrinsic viscosity of the final stretched
yarn is lowered, so that it cannot exhibit high strength as a
treatment cord after heat treatment, and when the intrinsic
viscosity of the chip exceeds 1.20, the spinning tension
increases excessively and the cross-section of the discharged
yarn becomes uneven, resulting in a large number of fila-
ment cuts during stretching, resulting in poor stretching
workability.

Also, an antimony compound, preferably antimony triox-
ide, may be optionally added as a polymerization catalyst
during the condensation polymerization reaction so that the
amount of the antimony metal remaining in the final poly-
mer may become 180 to 300 ppm. When the residual amount
is less than 180 ppm, the polymerization reaction rate
becomes slow, and the polymerization efficiency decreases.
When the residual amount exceeds 300 ppm, antimony
metal more than necessary acts as a foreign material, so that
the elongation workability may be deteriorated.

The above-mentioned polyethylene terephthalate chip is
melted and extruded while passing through a nozzle to
manufacture a discharged yarn. At this time, the diameter of
the nozzle is preferably 0.8 to 1.4 mm.

Thereafter, the discharged yarn is rapidly cooled and
solidified by passing through the cooling zone. At this time,
if necessary, a heating device of a certain length is installed
in the section from the nozzle directly to the starting point
of the cooling zone, that is, in the length (L) section of the
hood.

This zone is called a delayed cooling zone or a heating
zone, which has a length of 50 to 300 mm and a temperature
of 250 to 400° C. (air contact surface temperature).

In the cooling zone, open quenching, circular closed
quenching, radial outflow quenching, and radial inflow
quenching, etc. may be applied, depending on how the
cooling air is blown, but are not limited thereto.

At this time, the temperature of the cooling air injected for
rapid cooling in the cooling zone is adjusted to 20 to 50° C.
The rapid cooling using a rapid temperature difference
between the hood and the cooling zone is intended to
increase the solidification point and spinning tension of the
spun polymer to increase the orientation of unstretched
yarns and the formation of a linking chain between crystals
and crystals.

Subsequently, the friction coefficient between the single
yarns and the solidified, discharged yarns is reduced while
passing through the cooling zone. At the same time, the
discharged yarn can be oiled at 0.5 to 1.2% by weight by the
first spinning emulsion supply device to which an emulsion
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having excellent stretchability and thermal efficiency is
applied. Emulsion type used for oil ring can be applied as
emulsion type, solvent type, or neat oil type, and the type of
emulsion does not limit the properties of the polyethylene
terephthalate yarn applied to the present invention.

It is preferable to form the unstretched yarn by spinning
the oiled discharged yarn, and the orientation degree of the
unstretched yarn is preferably 0.06 to 0.60. If the orientation
degree of the unstretched yarn is less than 0.06, the crys-
tallinity and the density of the crystal cannot be increased in
the microstructure of the yarn, and if it exceeds 0.60, the
stretching workability is lowered, which is not preferable.
Thereafter, the unstretched yarn is passed through a drawing
Godet roller to be multi-stretched at an appropriate drawing
ratio to prepare a yarn.

In the present invention, the stretching is performed using
an equipment to which the stretch Godet roller is applied in
5 stages.

Referring to FIG. 1, the PET chip is melt-spinned at a low
temperature of 290 to 310° C. through an extruder 1, a gear
pump 2, a nozzle 3, and a heating device 4 to thereby prevent
a decrease in the viscosity of the polymer due to thermal
decomposition and hydrolysis. The manufactured melt dis-
charged yarn is rapidly cooled and solidified by passing
through the cooling zone 5 and if necessary, a short heating
device may be installed in the distance to the starting point
of the cooling zone 5 immediately below the nozzle 3, that
is, in the length L section of the hood.

The length (L) section of the hood becomes a delayed
cooling zone or a heating zone, and has a length of 50 to 300
mm and a temperature of 250 to 400° C. (air contact surface
temperature). Depending on how the cooling air is blown
from the cooling zone 5, open quenching, circular closed
quenching, and radial outflow quenching may be applied,
but are not limited to this. The present invention is charac-
terized in that it is further controlled by A/C (air conditioner)
from the outside to lower the cooling temperature from 20°
C. to 10-15° C. to improve cooling efficiency. The dis-
charged yarn which has passed through the cooling zone 5
and solidified is oiled to 0.5 to 1.0% by the emulsion supply
device 12 and becomes unstretched. The emulsion supply
device 12 is characterized in that it is installed in one stage
before the stretch Godet roller 1(6).

The yarn that has passed through the first drawing Godet
roller is stretched while passing through a series of drawing
rollers by a spin draw method to form a yarn. In the drawing
Godet roller 1, the speed is set to be in the range of 2,000 to
3,500 m/min. In the stretching process, the undrawn yarn
may be stretched in multiple stages, and the temperature of
each drawing roller may be lower than or equal to the glass
transition temperature of the undrawn yarn, but the tempera-
ture is lower than 95° C., and the final drawing roller 4(9)
temperature is preferably 200 to 250° C.

If the temperature of the last drawing roller is less than
200° C., crystallinity and crystal size cannot be increased in
the drawing process, so that the strength and thermal sta-
bility of the yarn cannot be expressed, resulting in a decrease
in morphological stability at high temperatures. If the tem-
perature of the last drawing roller exceeds 250° C., there is
a problem in that the microstructure of the yarn becomes
non-uniform such that crystals are decomposed because it is
too close to the melting point, so that the strength of the yarn
may be lowered.

In the present invention, in the drawing Godet roller 1, the
speed is set in the range of 2,000 to 3,500 m/min. Thereafter,
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it is wound at 5000 to 6000 m/min on the drawn Godet roller
4, and the temperature in the drawing Godet roller 4 is 200
to 250° C.

In addition, the total stretch ratio of the yarn formed by
winding as described above is preferably between 1.8 and
2.5. When the stretch ratio is less than 1.8, the orientation
degree of the amorphous portion is insufficient, and a
high-strength yarn cannot be obtained. As a result, the
strength of the cap fly cord is low, resulting in a decrease in
the high-speed durability of the tire. If the stretch ratio is 2.5
or more, the orientation degree is too high, and high strength
of the cord can be achieved, but due to the high shrinkage
rate, the tire manufacturing processability is insufficient,
resulting in a tire with low uniformity and low heat resis-
tance.

In order to manufacture the radial tire according to the
present invention, a deep cord should be manufactured using
the polyethylene terephthalate high strength multifilament
yarn. In addition, it is necessary to give the cord a twist
(twisting process) as a step before manufacturing the dip
cord.

In the present invention, in the production of a dip cord
using the polyethylene terephthalate high-strength yarn, as a
preliminary step of the production of the dip cord, twisting
is applied to the cord to produce a raw cord (twisting
process).

The twisted yarn is manufactured by applying a ply twist
to a polyethylene terephthalate yarn and then applying a
cable twist thereto and twisted together, and in general, the
same or different twist levels are used for the ply twist and
the cable twist. The number of twists of the dip cord depends
on the thickness of the yarn used for the cord and the overall
denier. In the present invention, the twist coefficient indi-
cated as [(twist/meter) multiplied by the square root of
nominal Denier] may be 9,000 to 18,000. Polyester carcass
used in the carcass of tires commonly has a twist coeficient
01'19,000 to 21,000. In the present invention, by limiting the
twist coeflicient to the above range, it is possible to show an
improved numerical value of the elastic modulus of the cord
than the polyester cord for carcass.

In the present invention, when the twist coeflicient of the
polyethylene terephthalate cord is less than 9,000, the elon-
gation at break is excessively reduced, thereby reducing the
fatigue resistance of the cord itself, thereby reducing tire
durability. When it exceeds 18,000, the strength decreases
and the modulus of elasticity of the cord decreases, resulting
in a decrease in high-speed durability of the tire due to an
increase in heat generation due to an increase in tire growth,
which may make it difficult to achieve improvement of the
high-speed durability of the tire, which is the object of the
invention.

The manufactured raw cord is woven into a fabric using
a weaving machine, and the obtained fabric is immersed in
a dipping solution, and heat-treated at an appropriate tem-
perature and time to cure the adhesive solution on the
surface of the fabric to prepare a dip cord for a tire cord with
a resin layer attached to the surface of the cord. In the above
process, the dipping solution is a 1 bath solution that
activates the polyethylene terephthalate fiber surface and a 2
bath solution for introducing a resin layer called RFL
(Resorcinol Formaline Latex), and refers to the adhesive
liquid applied to the surface of the fiber to introduce the
adhesive force between rubber and fiber.

In the present invention, an adhesive liquid for bonding a
cord and rubber can be manufactured by the following
method.
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Manufacturing Method of 1 Bath Adhesive

Distilled water
100% epoxy
50% isocyanate

950 parts by weight;
5 parts by weight;
30 parts by weight

A solution containing the above elements is prepared and
is then stirred at 25° C. for 3 hours.
Manufacturing Method of 2 Bath Adhesive

29.4 wt % Resocinol
Distilled water

37% formalin

10 wt % sodium hydroxide

45.6 parts by weight;

255.5 parts by weight;
20 parts by weight; and

3.8 parts by weight

A solution containing the above elements is prepared and
is then reacted with stirring at 25° C. for 2 hours to prepare
an RF resin condensate and then add the following compo-
nents.

40 wt % VP-latex
Distilled water
28% ammonia water

300 parts by weight;
129 parts by weight;
23.8 parts by weight

After the ingredients are added, it is aged for 20 hours at
25° C. and maintained at a solid content concentration of
19.05%, and the adhesive adhesion amount is preferably 1.5
to 3.5% of the fiber weight based on the solids.

After passing the 1-bath and 2-bath adhesive solution, the
dip cord is dried and heat treated. After passing through the
1-bath adhesive solution, the hybrid dip cords are dried at
120-170° C. The drying time may be 130 to 220 seconds,
and in the drying process, the dip cord may be stretched to
about 2 to 6%. If the elongation ratio is low, elongation at
specific load and the elongation at break of the cords may
increase to thereby show properties which is difficult to be
applied as the tire cord. On the other hand, if the elongation
ratio is more than 6%, the level of the elongation at specific
load is adequate but the elongation at break may be too small
to thereby decrease the fatigue resistance.

After drying, heat treatment is performed at a temperature
range of 200 to 245° C. The elongation ratio during the heat
treatment is maintained between 0.0 and 6.0%, and the heat
treatment time is suitably between 50 and 90 seconds. If the
heat treatment is performed for less than 50 seconds, the
reaction time of the adhesive solution is insufficient and the
adhesive force is lowered. If the heat treatment is performed
for more than 90 seconds, the hardness of the adhesive
solution becomes high and the fatigue resistance of the cord
may be decreased.

After passing through the 2-bath adhesive solution, the
hybrid dip cords are dried at 120-170° C. The drying time
may be 80 to 150 seconds, and in the drying process, the dip
cord may be stretched to about 0 to 4%. If the elongation
ratio is low, elongation at specific load and the elongation at
break of the cords may increase to thereby show properties
which is difficult to be applied as the tire cord. On the other
hand, if the elongation ratio is more than 4%, the level of the
elongation at specific load is adequate but the elongation at
break may be too small to thereby decrease the fatigue
resistance.

After drying, heat treatment is performed at a temperature
range of 200 to 245° C. The elongation ratio during the heat
treatment is maintained between -3 and 3.0%, and the heat
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treatment time is suitably between 50 and 120 seconds. If the
heat treatment is performed for less than 50 seconds, the
reaction time of the adhesive solution is insufficient and the
adhesive force is lowered. If the heat treatment is performed
for more than 120 seconds, the hardness of the adhesive
solution becomes high and the fatigue resistance of the cord
may be decreased.

FIG. 2 shows a force-deformation curve for the present
invention and a conventional 1000 d/2 polyethylene tereph-
thalate dip cord.

According to the present invention, the stress-strain curve
of the polyethylene terephthalate dip cord for minimizing
the initial deformation to the impact initially generated by
the external force of the polyethylene terephthalate dip cord
can be adjusted. The polyethylene terephthalate dip cord of
the present invention is characterized by having a strength of
2.5 to 3.0 g/d, a breaking strength of 6.5 to 7.5 g/d, and a
shape stability index of 5.8 to 6.5 when the shrinkage rate is
3.0 to 4.0% and stretched by 5%.

The shrinkage rate is evaluated by applying a 0.01 g/d
superload using a normal Testrite and measuring at 177
degrees for 2 minutes, and the strength at 5% elastic
modulus is obtained by reading the load of the point with 5%
deformation rate on the S-S curve in g units and dividing by
nominal Denier (Yarn Denier for 1 ply, and product of yarn
Denier and ply number for 2 or more plys). The breaking
strength is obtained by reading the maximum load on the S-S
curve and dividing it by the nominal denier. The shape
stability index can be obtained as the sum of the elongation
at specific load at 2.25 g/d and the shrinkage rate (Testrite,
0.05 g/d, 177 degrees, 2 minutes), and is expressed by the
E-S Index.

In the case of a conventional polyethylene terephthalate
dip cord, it is possible to have the shrinkage range of the
present invention, but in this case, as the shrinkage ratio is
lowered, the elastic modulus is also lowered, and the
strength becomes 3.0 g/d or less at 5%, so the performance
improvement of the tire is not sufficient, and it is common
to have a shape stability index of 6.0 or more and a breaking
strength of 7.5 g/d or less.

Conversely, when the elastic modulus is increased to
make the strength at 5% the level of the present invention,
the shrinkage rate becomes more than 3.5%, so the process-
ability becomes insufficient when forming a tire, and as a
result, the uniformity is poor, resulting in a decrease in
high-speed durability due to tire unevenness.

According to another suitable embodiment of the present
invention, the dip cord is characterized in that it has an
intermediate elongation of 2.1 to 4.0% at 2.25 g/d and an
elongation at break of 8.0 to 16.0%.

According to another suitable embodiment of the present
invention, the dip cord is characterized in that the twist
coeflicient represented by the number of twists (Twist/
meter) multiplied by the square root of Nominal Denier is
9,000 to 18,000.

Polyethylene terephthalate dip cords prepared according
to the method described above can be used for the produc-
tion of cap ply layers. And the high performance radial tire
manufactured according to the present invention includes
such a cap ply layer.

FIG. 3 is a partial cross-sectional view of the structure of
a tire for a passenger car manufactured using a polyethylene
terephthalate dip cord according to the present invention as
a cap ply.

Referring to FIG. 3, the bead region 35 of the tire 31
becomes an annular bead core 36 that is non-stretchable. The
bead core 36 is preferably made of a single filament steel



US 11,807,054 B2

9

wire wound continuously. In a preferred embodiment, a high
strength steel wire having a diameter of 0.95 to 1.00 mm
forms a 4x4 structure or a 4x5 structure. In an embodiment
of the tire cord according to the present invention the bead
region 35 may have a bead filler 37 and the bead filler 37
should have a hardness above a certain level and preferably
a Shore A hardness 40 or more.

According to the present invention, the crown portion of
the tire 31 can be reinforced by the belt structure 38 and the
cap ply 39. The belt structure 38 includes a cut belt ply 40
consisting of two belt cords 41 and 42 and the belt cord 41
of the cut belt ply 40 may be oriented at an angle of about
20 degrees with respect to the circumferential center plane
of the tire. One belt cord 41 of the belt ply 40 may be
disposed opposite the direction of the belt cord 42 of the
other belt ply 40 in a direction opposite the circumferential
center plane. However, the belt structure 38 may include any
number of plys, and may preferably be arranged in the range
of 16 to 24°. The belt structure 38 serves to provide lateral
stiffness to minimize the rise of the tread 43 from the road
surface during operation of the tire 31. The belt cords 41 and
42 of the belt structure 38 may be made of steel cords and
have a 2+2 structure, but may be made of any structure. The
cap ply 39 and the edge ply 44 are reinforced at the top of
the belt structure 38. The cords 45 of the cap ply 39 are
reinforced in parallel with the circumferential direction of
the tire so as to suppress the size change in the circumfer-
ential direction due to the high-speed rotation of the tire, and
the cap ply cords 45 of the cap ply 39 having a large
heat-shrinking stress at a high temperature are used. The cap
ply cord 45 of the cap ply 39 can be manufactured using a
dip cord made of a high strength yarn manufactured accord-
ing to the method of the present invention. One layer of cap
ply 39 and one layer of edge ply 44 may be used, and
preferably one or two layers of cap ply and one or two layers
of edge ply may be reinforced.

Reference numerals 32 and 34 of FIG. 3 denote a carcass
layer 32 and a ply turn-up 34. And reference numeral 33
denotes a carcass layer reinforcing cord 33.

Examples and comparative examples which do not limit
the scope of the present invention are described below. In the
following Examples and Comparative Examples, physical
property evaluation was measured or evaluated as follows.

(a) Shrinkage Rate

After leaving at it is at 25° C. and 65% RH for 24 hours,
the shrinkage ratio was expressed by using the ratio of the
length (LLO) measured at a static load of 0.01 g/d and the
length (L.1) after treatment at a static load 0 0.01 g/d at 177°
C. for 2 minutes, using Testrite.

S(%)=(L0-L1)/LOx100

(b) Dip Cord Strength (g/d) and Intermediate Elongation
% at 2.25 g/d, Strength at 5%

It was measured at a sample length of 250 mm and a
tensile speed of 300 m/min using an Instron low-speed
stretch tensile tester. The intermediate elongation at 2.25 g/d
refers to the elongation represented by a load of 2.25 g/d on
the stress-deformation rate curve, and the strength at 5% is
measured by measuring the load at 5% deformation rate in
the stress-deformation rate curve and dividing it by the Total
Denier of the cord.

(c) Dip Cord Shape Stability (E-S Index)

It means the sum of the intermediate elongation and
shrinkage rate (Testrite, 0.05 g/d, 177 degrees, 2 minutes) at
2.25 g/d, which is the elongation under the constant load of
the above (b).
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Example 1

Polyethylene terephthalate fibers were obtained with raw
cord according to the method described above in order to
manufacture the tire reinforcing fibers.

To the polyethylene terephthalate yarn (1000 D), a lower
edge of 270 TPM was added, and again, an upper edge of
270 TPM was added and twisted together to prepare a 2Ply
raw cord. The obtained raw code was processed by a
two-bath dipping method, and the one-bath dipping was
performed by passing the raw cord through the adhesive
solution prepared by the following method and drying at
160° C. for 150 seconds, followed by heat treatment at 240°
C. for 60 seconds. A 3% stretch was applied during drying
to prevent unevenness of the raw cord due to heat shrinkage.

A solution containing 950 parts by weight of distilled
water; 5 parts by weight of 100% epoxy; 30% by weight of
50% isocyanate was prepared and stirred at 25° C. for 3
hours.

The two-bath dipping was performed by passing the raw
cord through the adhesive solution prepared by the follow-
ing method and drying at 160° C. for 90 seconds, followed
by heat treatment at 240° C. for 60 seconds. When drying,
-1% stretch was applied.

29.4 wt % resorcinol 45.6 parts by weight; 255.5 parts by
weight of distilled water; 37% formalin 20 parts by weight;
and 3.8 parts by weight of 10 wt % sodium hydroxide were
prepared and reacted at 25° C. for 5 hours with stirring,
followed by adding the following elements:

300 parts by weight of 40 wt % VP-latex, 129 parts by
weight of distilled water and 23.8 parts by weight of 28%
ammonia water were added and aged at 25° C. for 20 hours
to maintain a solid concentration of 19.05%.

The two-bath dipping heat treatment was performed to
complete the adhesive treatment. The properties of the
thus-prepared dip cords were evaluated and are shown in
Table 1.

Example 2

A dip cord was prepared in the same manner as in the
above example 1 except that 410 TPM ply twist was applied
to polyethylene terephthalate yarn (1300 D), and 410 TPM
cable twist was again applied thereto to prepare a raw cord
by twisting them together, and twisting was used by 1 ply
when preparing the raw cord. The properties of the thus-
prepared dip cords were evaluated and are shown in Table 1.

Example 3

A dip cord was prepared in the same manner as in the
above example 1 except that 235 TPM ply twist was applied
to polyethylene terephthalate yarn (1300 D), and 235 TPM
cable twist was again applied thereto to prepare a raw cord
by twisting them together. The properties of the thus-
prepared dip cords were evaluated and are shown in Table 1.

Comparative Example 1

460 TPM ply twist was applied to 66 yarns of nylon (840
D), and 460 TPM cable twist was again applied thereto to
prepare a raw cord by twisting them together. In the pro-
duction of the raw cord, it was twisted by 2 ply, and passed
through the prepared adhesive solution to the prepared raw
cord to impart an adhesive solution. A stretch was applied
during drying to prevent unevenness of the raw cord due to
heat shrinkage.
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29.4 wt % resorcinol 45.6 parts by weight; 255.5 parts by
weight of distilled water; 37% formalin 20 parts by weight;
and 3.8 parts by weight of 10 wt % sodium hydroxide were
prepared and reacted at 25° C. for 5 hours with stirring,
followed by adding the following elements:

300 parts by weight of 40 wt % VP-latex, 129 parts by
weight of distilled water and 23.8 parts by weight of 28%
ammonia water were added and aged at 25° C. for 20 hours
to maintain a solid concentration of 19.05%.

An adhesive solution was applied to perform a one bath
dipping heat treatment to complete the adhesive treatment.
The properties of the thus-prepared dip cords were evaluated
and are shown in Table 1.

Comparative Example 2

A dip cord was prepared in the same manner as in the
above comparative example 1 except that 280 TPM ply twist
was applied to nylon 66 (1260 D), and 280 TPM cable twist
was again applied thereto to prepare a raw cord by twisting
them together. The properties of the thus-prepared dip cords
were evaluated and are shown in Table 1.
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44 at the top so that the cap ply cords in the cap ply 39 are
parallel to the circumferential direction of the tire. The
properties of the thus-prepared dip cords were evaluated and
are shown in Table 2.

Example 5

A tire was prepared in the same manner as in Example 4,
except that the dip cord prepared in Example 2 was used as
a cord material for tire production. The properties of the
thus-prepared dip cords were evaluated and are shown in
Table 2.

Example 6

A lire was prepared in the same manner as in Example 4,
except that the dip cord prepared in Example 3 was used as
a cord material for tire production. The properties of the

thus-prepared dip cords were evaluated and are shown in
Table 2.

TABLE 2
Comparative Example 3 o
Division Example 4
25
A clip cord was prepared in the same manner as in the carcass  Material PET
above example 1 except that 370 TPM ply twist was applied Spec. sfﬂ 1500 d/2
to polyethylene terephthalate yarn (1500 D), and 370 TPM ;lersct: (kyg e;m) 4
cable twist was again applied thereto to prepare a raw cord Elastic 72
by twisting them together. The properties of the thus- modulus (g/d)
prepared dip cords were evaluated and are shown in Table 1.
TABLE 1
Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 1  Example 2 Example 3
Material PET PET PET Nylon Nylon PET
Denier d 1000 1300 1300 840 1260 1500
Ply — 2 1 2 2 2 2
Force kef 16.0 9.1 19.7 15.2 24.1 22.9
Strength go/d 7.2 7.0 7.3 9.1 8.6 6.9
o/d, @5% 2.7 3.0 2.6 1.0 1.2 2.7
elongation %, 33 31 34 7.9 7.9 4.2
at specific load @2.25 g/d
elongation % 134 113 139 20.1 23.1 17.0
at break
shrinkage %, 0.01 g/d 3.4 3.6 3.5 6.5 5.9 33
rate %, 0.05 g/d 2.5 2.7 2.6 5.6 5.0 2.3
E-S Index — 5.8 5.8 6.0 13.5 12.9 6.6
no. of TPM 270 410 235 460 280 370
twists
twist — 12075 14783 11983 18854 14056 20266
coefficient
Example 4 TABLE 2-continued
A radial tire manufactured using the dip cord manufac- 55 Division Example 4
tured by Example 1 of the present invention as a cap ply has
a carcass layer having a radially outer side ply turn-up, and cap ply  Material Dip code of Example 1
the carcass layer is provided so as to include one layer. At Spec. (d/ 1000 d/2
this time, the carcass cord was oriented at a 90 degree angle twisted yarn)
with respect to the circumferential middle surface of the tire. ¢ Force (kg) 16.0
The ply turn-up 34 has a height of 40 to 80% with respect strength 2.7
to the maximum cross-sectional height of the tire. The head (g/d, @5%)
region 35 has a head core 36 having 4x4 high strength steel tire Flatness ratio 0.6
wires having a diameter of 0.95 to 1.00 mm and a bead filler No. of carcass layers 1
37 having a shore A hardness of 40 or more. The belt 65 No. of cap ply layers 1

structure 38 is reinforced by a belt reinforcing layer con-
sisting of one layer of cap ply 39 and one layer of edge ply
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Comparative Example 4

A tire was prepared in the same manner as in Example 4,
except that the dip cord prepared in Comparative Example
1 was used as a cord material for tire production. The
properties of the thus-prepared dip cords were evaluated and
are shown in Table 3.

Comparative Example 5 10

A tire was prepared in the same manner as in Example 4,
except that the dip cord prepared in Comparative Example

14

values in the audible frequency range were expressed in dB.
Further, the steering stability and riding comfortability were
evaluated in 5-point units among 100 points by the test-
course driving of a skilled driver, and the results are shown
in Table 4 below. The durability was measured according to
the P-metric tire endurance test method of FMVSS 109 at a
temperature of 38(x3° C.), the tire load of 85, 90 and 100%,
and a vehicle was driven for a total of 34 hours at the speed
of 80 km/h. And it was judged as OK when no traces such
as head separation, cord cutting, belt separation, etc. were
found in any part such as a tread, a sidewall, a carcass cord,
an inner liner and a bead.

TABLE 4

Comparative Comparative Comparative

Division Example 4 Example 5 Example 6 Example 4 Example 5  Example 6
Tire weight (kg) 9.8 9.9 9.8 9.7 9.8 9.9
riding 99 100 97 98 95
comfortability

steering stability 100 100 100 100 100 98
durability oK oK oK oK oK oK
Uniformity 100 100 100 98 98 99
Noise (dB) 61.2 614 61.0 61.7 61.5 62.3

2 was used as a cord material for tire production. The
properties of the thus-prepared dip cords were evaluated and

are shown in Table 3.
30

Comparative Example 6

A tire was prepared in the same manner as in Example 4,
except that the dip cord prepared in Comparative Example 35
3 was used as a cord material for tire production. The
properties of the thus-prepared dip cords were evaluated and
are shown in Table 3.

TABLE 3 0
Comparative Comparative Comparative
Division Example 4  Example 5  Example 6
carcass Material PET PET PET 45
Spec. (ditwisted 1500 d/2 1500 d/2 1500 d/2
yarn)
Force (kg) 24 24 24
Elastic modulus 72 72 72
(g/d)
cap ply Material Dip code of Dip code of Dip code of 30
Comparative Comparative Comparative
Example 1  Example 2 Example 3
Spec. (d/twisted 840 d/2 1260 d/2 1500 d/2
yarn)
Force (kg) 15.2 24.1 229 355
Strength 1.0 1.2 2.7
(g/d, @5%)
tire Flatness ratio 0.6 0.6 0.6
No. of carcass 1 1 1
layers
No. of cap ply 1 1 1 60
layers

The 205/65 R15 V tire manufactured according to
Examples 5 and 6 and Comparative Example 3 was mounted ¢5s
on a 2000 cc class passenger car, and the noise generated in
the vehicle while driving at 60 km/h was measured and the

Based on the test results of Table 4, the tires using the
deep cord according to the present invention (Examples 4, 5,
and 6) were superior in effects of noise reduction and
steering stability compared to Comparative Examples 4 and
5 using the conventional nylon 66 yarn in the cap ply, and
the uniformity of the tire was also improved.

In the above, the present invention has been described in
detail only with respect to the described embodiments, but
it is apparent to those skilled in the art that various modi-
fications and variations are possible within the technical
scope of the present invention, and it is natural that such
modifications belong to the scope of the appended claims.

[Description of reference numerals]

1: extruder
3: nozzle

2: gear pump
4: heating device

5: cooling zone 6 to 10: drawing roller

11: winding roller 12: emulsion supply device
31: tire 32: carcass layer

33: carcass layer reinforcing cord 34: ply turn-up

35: bead region 36: bead core

37: bead filler 38: belt structure

39: cap ply 40: belt ply

41, 42: belt cord 43: tread

44: edge ply 45: cap ply cord

The invention claimed is:

1. A radial tire comprising:

a pair of parallel bead cores;

at least one radial carcass ply which is wound around the
bead core;

at least one inclined belt layer laminated on an outer
circumference of the at least one radial carcass ply; and

at least one cap ply layer laminated on an outer circum-
ference of the inclined belt layer in a tire circumferen-
tial direction,

wherein the cap ply includes a dip cord manufactured
using a yarn containing 90 mol % or more of polyeth-
ylene terephthalate,
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wherein the dip cord has a shrinkage rate of 3.0 to 4.0%,
a load of 2.5 to 3.0 g/d at 5% elongation, a breaking
strength of 6.5 to 7.5 g/d, and a shape stability index of
5.8 to 6.5,

wherein the dip cord is generated by twisting 400 to 2200
d yarns containing 90 mol % or more of polyethylene
terephthalate by 1 or more plys, and

wherein the dip cord’s nominal denier is 1,300 to 2,600,

and the dip cord’s twist coefficient, which is a number
of twists multiplied by a square root of nominal denier,
is 9,000 to 18,000.

2. The radial tire of claim 1, wherein the dip code has an
intermediate elongation of 2.1 to 4.0% at 2.25 g/d and an
elongation at break of 8.0 to 16.0%.

3. The radial tire of claim 1, wherein the cap ply layer is
reinforced with one or two layers.

#* #* #* #* #*
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